WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 
F16H 1734, 25/06 



Al 



(11) International Publication Number: WO 94/18472 

(43) International Publication Date: . 18 August 1994 (18.08.94) 



(21) Internationa] Application Number: PCT/US94/00841 

(22) Internationa] Filing Date: 24 January 1994 (24.01.94) 



(30) Priority Data: 
08/016,506 



11 February 1993 (U.02.93) US 



(60) Parent Application or Grant 

(63) Related by Continuation 
US 

Filed on 



08/016,506 (OP) 
11 February 1993 (11.02.93) 



(71) Applicant (for all designated States except US)i SYNKINET- 

ICS, INC [US/US]; 4 Franklin Road, Lexington, MA 02173 
(US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): FOUNO, Frank, A. 
[US/US]; 100 Deer Path Lane, Weston, MA 02193 (US). 

(74) Agents: GEARY, William, C, ID et al.; Lahive & Cockfield, 
60 State Street, Boston, MA 02109 (US). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH, CN, 
CZ, DE, DK, ES, FI, GB, HU, JP, KP. KR, KZ, LK, LU, 
LV, MG, MN, MW, NL, NO, NZ, PL, PT, RO, RU, SD, 
SE, SK, UA, US, UZ, VN, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report 



(54) Title: SPEED CONVERTER WITH ZERO BACKLASH 

(57) Abstract 

Apparatus for reducing backlash in a speed converter 
using drive face cam (16), retainer slot means (20) with 
interacting balls (38) reciprocating in the slots and driven face 
cam (40). The backlash is reduced using axial preload in the 
form of a spring (27) acting on the back face of the drive face 
cam (16) or using an external adjusting means (407) acting on 
a spring (406) which acts upon the back face of the drive face 
cam (401). 




08/26/2004, EAST Version: 1.4.1 



best Available Co 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Biirfctna Faao 


HTJ 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


FL 


Poland 


BR 


Brazil 


JP 


Japan 


FT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgyatan 


RU 


Russian Federation 


CF 


Central African Republic 


KF 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


51 


Slovenia 


a 


Cote d'lvotre 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 




SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


cs 


Czechoslovakia 


LU 




TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


IT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


DA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


OS 


United Slates of America 


n 


Roland 


ML 


Man 


oz 


Uzbekistan 


FR 


frame 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











08/26/2004, EAST Version: 1.4.1 



WO 94/18472 



-1- 



PCT/US94/00841 



SPEED CONVERTER WITH ZERO BACKLASH 

Background of the Invention 

5 This application is a continuation-in-part of U.S. Patent Application Serial No. 

670,563, filed March 14, 1991, Attorney Docket Number FFY-001, entitled: SPEED 
CONVERTER, incorporated herein by reference, and PCT Patent Application Serial No. 
PCT/US92/02023, filed March 13, 1992, Attorney Docket Number FFY-001PC, entitled: 
SPEED CONVERTER, incorporated, herein by reference. 

10 

The present invention relates to mechanical power transmissions, and more 
particularly, to speed reducers and the like for use between a drive and driven shaft. 

Speed conversion is an important capability in the efficient utilization of rotary 
1 5 motive force. The occasion often arises for increasing or reducing of the speed of a drive 
member to a higher or lower speed at a driven member. In automobiles, for example, a 
hydraulic transmission, with various combinations of gear assemblies, accomplishes the task 
of translating the high rotary speed of the gasoline engine to the lower rotational requirements 
at the driven axle. Typically, such transmissions are quite complex, requiring many parts to 
20 operate in sophisticated syncopation, and are quite labor intensive for both assembly and 
service. 

Other speed conversion applications include elevators, where an electric motor 
typically is employed for lifting and lowering the elevator cab. and robotics, where an electric 
25 motor is employed as an actuator to effect motion. These applications often require a zero 
backlash arrangement (ideally at zero degrees of freedom in the coupling between rotary 
input and output) so as to be able to achieve a desired level of driven member position control 
during operation. 

30 It is therefore an object of the present invention to provide a speed convener which is 

simplified in nature but is robust in transmission capability. 

It is another object of the present invention to provide a speed converter with zero 
backlash. 

35 

It is another object of the present invention to provide a speed converter having an 
auto braking feature. 
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It is a further object of the present invention to provide a speed converter which is 
relatively easy to assemble and service. 

It is yet an additional object of the present invention to provide optimized load 
5 sharing among the multi -elements that transmit the rotary motive force in a speed converter. 

It is still an additional object of the present invention to provide means for 
accommodating wear of the cams and balls of an extended-life speed 

. 10 Summary of the Invention 

These and other objects are well met by the presently disclosed, highly efficient, 
speed converting power transmission assembly of the present invention. In one embodiment, 
apparatus is provided for translating rotation and angular velocity of a rotary input drive to 

1 5 rotation and angular velocity of a rotary output drive. The translating apparatus comprises a 
conjugate pair of devices rotatable about a common axis and translating means for translating 
rotary motion and angular velocity of a first of the devices to rotary motion and angular 
velocity of a second of the devices. The first device is for coupling to an input drive and is 
for interacting with an input of the translating means and the second of the devices is for 

20 coupling to an output drive for reacting with an output of the translating means. The 

translating means includes a retainer having at least one slot for oscillation of an interacting 
element (such as a ball) in the slot, the retainer being located between the conjugate pair 
about the common axis, wherein the interacting element couples the first device to the second 
device. As a result, the rotary motion and angular velocity of the first device is efficiently 

25 translated by the translating means into rotary motion and angular velocity of the second 
device. Axial preloading is provided for higher precision and extended lifetime. 

In one embodiment of the invention, the conjugate face cams of the speed converter 
comprise, firstly, an input disk mounted on an input shaft, wherein the disk has a face that 

30 extends radially perpendicular to the shaft. This face contains a grooved cam track forming a 
face cam track. This face cam track is configured as a drive cam, in simplest form, with one 
lobe starting at a base circle radius and proceeding rotatably about the center of the disk and 
shaft at a constantly increasing radius and at a constant angular rotation to a maximum radius 
at 1 80°, i. e. , in the rise mode, and then proceeding rotatably in the fall mode at a decreasing 

35 radius of the same rate and constant angular rotation as in the rise mode back to the original 
base circle radius, completing 360° of rotation. 

Next, the driven cam comprises an output shaft and disk, similar to the disk of the 
drive cam with a face cam track, and is mounted along the shaft in a position facing the face 
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cam track of the drive cam. The driven face cam contains a plurality of rise and fall modes 
that are selected to achieve a desired speed conversion, which in this case is in ratio with the 
single lobe of the drive cam. Each rise and fall mode of the plurality of cycles in the driven 
cam are configured to have the same radial displacement, for uniform conversion. 
Alternatively, such radial displacement may be varied for non-uniform conversion. 

In this embodiment, adjustable means are provided for axially preloading the drive 
cam with axial force biasing. In a preferred embodiment, parallel tracks are provided on the 
drive cam and on the driven cam. 



In the preferred embodiment, apparatus for converting a rotary motion input to a 
rotary motion output is provided with minimized backlash. A drive track for driving a driven 
track via interacting elements guided by a retainer enables each of the tracks to make one- 
point contact with the interacting elements, and this effectuates an axially preloading 
1 5 arrangement for axially preloading the tracks and the interacting elements together to reduce 
or eliminate backlash. Preferably two-point contact is made. 

Variations of the invention include: wherein the interacting elements are balls and the 
retaining means is a slotted reaction disk; wherein one track forms an angled flank for one- 

20 point contact; wherein the driven track is irreversible; wherein one track includes a flank 

capable only of unidirectional interaction with the other the track; wherein the apparatus has a 
housing in which a first of the tracks is slideably mounted over a shaft axis and the other 
track is relatively unslideable over the axis relative to the housing: wherein the retainer is 
fixed to the housing; wherein a spring means provides axial preload; wherein a spring means 

25 provides axial preload via external adjusting screws which compress the spring means 

between an inner wall of the housing through an angular contact bearing and a backface of 
one of the tracks; wherein the backface is a backface of the drive means; wherein the 
backface is a backface of the driven track; wherein the tracks comprise a drive cam track and 
driven cam track, each having an angled flank for one-point interaction with the interacting 

30 elements; wherein the interacting elements are balls and the retainer is a slotted reaction disk 
and the drive cam track transmits the force of the compression springs to the driven cam track 
through a group of the balls which are located in the slots of the reaction disk, respectively; 
and wherein the group of balls is a double row. and two of the balls are assigned to each slot 
and wherein at least one of the angled flanks comprises a plurality of flank segments. 



Additional variations include: wherein the tracks are a conjugate pair of devices 
rotatable about a common axis, a first device of the pair being an input device for supply of 
angular velocity and rotary motive force and a second device of the pair being an output 
device, the retainer and the interactinc elements beinc means for transmittimz anaular 
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velocity and rotary motive force of the input device to angular velocity and rotary motive 
force of the output device as the interacting elements are put in motion by the input device, 
and the input device cooperating with the in-motion interacting elements and the output 
device for transmitting, through all the in-motion interacting elements, the angular velocity 
5 and rotary motive force of the input device to angular velocity and rotary motive force of the 
output device; wherein the transmitting through all the in-motion interacting elements is 
done substantially equally and simultaneously through all the in-motion interacting elements; 
wherein the drive track comprises a drive cam track expressible as a linear function. 

1 0 Brief Description of the Drawings 

These and other features and advantages of the present invention will be more fully 
understood by reference to the following detailed description in conjunction with the attached 
drawing in which like reference numerals refer to like elements and in which: 

15 

FIGURE 1 A is a sectional view on the centerline of a single stage speed reducer. 

FIGURE IB is a sectional view on the centerline of an axially preloaded speed 
converter according to the invention. 

20 

FIGURE 1C shows the shim and multi-fingered spring of FIGURE IB in greater 

detail. 

FIGURE 2 is a plan view of a single cycle drive member face cam according to the 
25 reducer of FIGURE 1 A. 

FIGURE 3 is a plan view of a twelve cycle driven member face cam according to the 
reducer of FIGURE 1A. 

30 FIGURE 4 is a conceptual overlay of the single cycle drive member of FIGURE 2 and 

the twelve cycle driven member of FIGURE 3. 

FIGURE 5 is a plan view of a slotted reaction disk with balls installed according to 
the speed reducer of FIGURE 1 . 

35 

FIGURE 6 is a sectional view on the centerline of a preferred axially preloaded speed 
converter according to the invention. 
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FIGURE 7 is a face view of drive grooves 415 and 417 of the drive cam-device 401 of 
FIGURE 6. 

FIGURE 8 is a face view of driven grooves 416 and 418 of the driven cam device 403 

5 of FIGURE 6. 

*» 

FIGURE 9 is a composite view of the drive cam device 401, reaction disk 402 and 
driven cam device 403, with balls 408-409 in slots 420 of reaction disk 402 of the invention 
of FIGURE 6. 

10 

Detailed Description of a Preferred Embodiment 

An illustrative single-stage speed converter apparatus 10 is shown in FIGURE 1 A, 
having housing parts 12L and 12R of a housing 12, a plurality of interacting elements, i.e., 
1 5 balls 1 4, a drive member 1 6 coupled to an input shaft 23, a driven member 1 8 coupled to an 
output shaft 25, and a reaction disk 20 coupled to housing 12. Drive member 16 is mounted 
in housing 12 by means of an input bearing or bushing arrangement 22 and driven member 18 
is mounted in housing 12 by means of output bearing or bushing arrangement 24. Preferably 
the drive member and the driven member are each symmetrical about the drive axis A. 

20 

The speed reducing and power transmission capability of the assembly is achieved by 
use of appropriately designed face cams on each of the drive member and driven member, 
wherein the cams are interacted by the balls. FIGURES 2 and 3 are examples of two such 
cams of the apparatus of FIGURE 1A, and are shown by way of illustration and not by way 
25 of limitation of the scope of the present invention. 

As seen in FIGURE 2, drive member 16 includes a single cycle (single lobe) cam 30 
which rises from Rl at 0 degrees to R2 at 180 degrees (defining the rise side 32 of the cam) 
and back to Rl at 360 degrees (defining the fall side 34 of the cam). The cam is asymmetric 
30 about the vertical centerline and is generated from Rl to R2 in a prescribed curve relative to 
the center 50. The cam takes the form of a one cycle ball track 38. 

As shown in FIGURE 3, driven member 18 is preferably concentric to the shaft. In 
this embodiment, member 18 includes a 12 cycle (C1-C12) cam 36. taking the form of a 
35 concentric 12 cycle ball track 40. Each one of these 12 cycles accommodates the rise and fall 
of the single cycle drive cam. and each such accommodation rotates the driven member 1/12 
of a full revolution of the driven member, in this embodiment. 
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The cooperation of the two cams of this embodiment is profiled in the overlay of 
FIGURE 4. Cams 30 and 36, and specifically ball tracks 38, 40, are configured so as to 
support balls 14 between them at locations Bl to Bl 1. The balls are retained in these 
assigned locations by reaction disk 20, as more particularly shown in FIGURE 5. In this 
embodiment, the reaction disk is provided with a plurality of radial ball travel slots SI -SI 1, 
each slot being placed equidistant from its nearest neighbors and from the center 50 of the 
retainer. 

The slots as shown are spaced to accommodate the maximum number of balls. Fewer 
balls can be used in slots at angles from each other that are not necessarily equal but cannot 
be less than the subtended angle of each driven cam cycle. (In this embodiment of 12 cycles 
for the driven cam, the subtended angle is 30°.) 

The reaction disk of FIGURE 5 has several functions. The first is to provide a 
reaction to the rotary motive forces that are being transmitted through the balls. The reaction 
disk is also utilized during the assembly procedure of the speed reducer in that it will locate 
and retain the balls in their proper orientation and align the cams. Thirdly, at the extreme 
travel of the balls in slots S 1 -S 1 1 . the balls are assisted in their transition from a rise mode to 
a fall mode and in reverse. 

In operation of this embodiment, the balls 14 translate rotation of input shaft 23 and 
drive member 16 in a given direction (e.g., clockwise, as viewed from the input shaft), to a 
lower rotation of driven member 1 8 and output shaft 25 in the opposite direction, as viewed 
from the output shaft , The balls translate inwardly and outwardly radially during rotation of 
the cams. In this embodiment there is no angular rotation of the balls or the retainer (reaction 
disk 20) since disk 20 is structurally coupled, see pin 33, to the stationary housing 12. The 
only rotating elements are the drive and driven cams, although in other embodiments the 
retainer can be ungrounded. 

FIGURES 1-5 illustrate a speed reducer with a drive cam with a single lobe, but a 
greater number of drive cam lobes is also within the scope of the invention. For example, a 
four lobe cam combined with the twelve lobe driven cam 36 optimally would have 8 balls (12 
cycles minus 4 cycles), and would have a speed ratio of 3:1 (4 cycles drive/12 cycles driven). 
Hence, it can be seen that by varying the number of cycles on either cams, many 
combinations of speed ratios are possible. As well, speed increasers may be made 
accordingly. Furthermore, non-integer rations are also possible in practice of the invention. 
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In FIGURE 1 A, balls 14 are held in four-point contact between ball tracks 38'. 40' of 
the drive and driven cams 34, 36. These ball tracks are formed by a center portion bounded 
by two angularly offset flank or side portions. (In side view these center and side portions 
appear somewhat as if they form three adjoining sides of an octagon.) Ball 14 contacts the 
5 two angled flanks SI, S2 of the drive cam track 38 and the two angled flanks S3, S4 of the 
driven cam track 40, with clearances between the balls and the center portions CI , C2 of the 
drive and driven tracks. However, very careful application of axial preload is required so that 
the balls are not held too tightly by the effect of four-point contact. 

1 0 An apparatus 1 0' is shown in FIGURE 1 B having several parts common to the 

embodiment of FIGURE 1 A, which are commonly numbered. In addition, a compliant, 
multi-fingered leaf spring unit 27 applies an axial preload to the drive cam 38 (which can 
slide along the spline 31), and in turn applies an axial force to the balls against the driven cam 
40. The driven cam is prevented from moving axially since its location is fixed to the 

1 5 housing 12, by its locked bearing. 

The multi-fingered axially compliant spring 27 applies an axial compressive force 
which is variable in proportion to the width Wj. As will be understood from review of 
FIGURES IB and 1C, the more width is increased, the higher the compressive force will 

20 be. This can also be accomplished by varying the width of shim 21 at width W2. The shim 
can be given a predetermined thickness to achieve the required preload condition. The shim 
can be replaced at any time for one of a different width to change the amount of preload. The 
multi-fingered compliant member can also be changed to a different spring constant without 
changing either W j or W2. As wear occurs on the tracks and balls, the preload, which is 

25 designed to accommodate this phenomenon, will maintain the balls and tracks in contact with 
minimized or essentially zero backlash. 

This preloading achieves intimate and continuous contact between the cams and balls, 
essentially without axial play and backlash. The preloading essentially permits tolerances to 
30 be relaxed for precision assemblies and eliminates the effect of tolerance accumulation in an 
assembled stack of such reducers. A further benefit of preloading is accommodation of any 
wear in the elements of these units without effecting performance. 

A preferred embodiment of an axially preloaded speed converter is illustrated in 
35 FIGURE 6. This converter is capable of being axially preloaded and calibrated by external 
adjusting screws even while in operation. Adjustment screws 407. when torqued. will 
compress springs 406 which apply a force to preload plate 404. A symmetrical pattern of 
such screw assemblies, all calibrated by a preset torque wrench, will result in a uniformly 
distributed load over the preload plate 404. The force on the preload plate 404 will apply the 
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axial preload to the drive/driven cam devices through the angular contact bearing 405. The 
stationary race of the angular contact bearing is the preload plate 404 and the rotating race is 
the adjacent backface of the drive cam device 401 . 

5 The drive cam device in turn transmits the axial force to the driven cam device 403 

through a double row of balls 408 and 409 which are located in associated slots of reaction 
disk 402. The driven cam device 403 is axially restrained by the output shaft bearings 412 
which are fixedly mounted in the speed converter housing 414. The rise (415R/417R) and 
fall (415F/417F) portions of drive groove flanks 415 and 417 of the drive cam device 401 are 
10 shown in FIGURE 7, and the rise (416R/418R) and fall (416F/418F) portions of driven 
groove flanks 416 and 418 of the driven cam device 403 are shown in FIGURE 8. 

This two-point contact is illustrated in FIGURE 6 between cam grooves 415/416 and 
417/418, and shows the two-points of contact with the balls 408 and 409 for the concentric 
1 5 set of cam tracks 415-418. They are similar to two angular contact bearings. In any event, 
this two-point contact includes a single point of contact from each of the drive and driven 
cam tracks of each set of tracks, although a less desirable practice of the invention might use 
three-point contact. 

20 As seen in FIGURES 7 and 8, the inner sets of flanks 4 1 5 , 4 1 6 and outer sets of 

flanks 417,418 have been formed relative to a centerline 4 1 5', 4 1 6', 4 1 7', 4 1 8', respectively. 
As will be appreciated, half of each cam track has been ground away, so that each ball is 
captured between a half-track drive portion (flank 415 or 417 and half-track driven portion 
flank 416 or 41 8), which minimizes ball contact to two points. The balls do not contact the 

25 grooves otherwise. 

The two sets of cam tracks are necessary to accommodate clockwise and 
counterclockwise rotation since two-point contact is unidirectional, i.e., it can react in only 
one direction of rotation, while retainer 402 passively keeps the balls properly located. For 

30 example, if the inner set 415/416 are conjugate cam segments that accommodate clockwise 
rotation of the input shaft of the drive cam device 40 1 . then the outer set 4 1 7/4 1 8 are 
conjugate cam segments that accommodate counterclockwise rotation of the input shaft of the 
drive cam device 401 . Thus clockwise rotation is provided by one cam track set and 
counterclockwise rotation is provided by another cam track set for bi-directional input/output. 

35 But only a single set of cooperating two-point contact cams is required for unidirectional 
outputs. 

The segmented drive cam tracks shown in FIGURE 7 are in a single lobe 
configuration similar in function to the single lobe configuration earlier described in this 
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specification. For clockwise rotation, the inner cam track segments 415R and 415F are active 
in the speed transmission while segments 417R and 417F are benign. For counterclockwise 
rotation of the drive cam, segments 41 7R and 417F are active in the speed transmission, 
while segments 415R and 415F are benign. 

FIGURE 8 shows a segmented twelve cycle configuration of a driven cam device 403 
and is similar in function to the twelve cycle drive cam described earlier in this specification. 
The outer rise and fall segments 418R and 418F have opposite cam track walls which are 
repeated for each cycle. The inner segments 416R and 416F contain the opposite set of cam 
track walls which are also repeated for each cycle. These two segmented cam tracks are 
conjugate with the two sets of segmented cam tracks of the drive cam. Like the drive cam 
tracks, for clockwise rotation the inner segmented cycles 416R and 416F are active in the 
speed transmission while the outer segmented cycles 41 8F and 418R are active in the 
counterclockwise rotation of the drive cam. 

As seen in FIGURE 9, the reaction disk 402 provides elongated radial slots 420 for 
the two sets of balls required to interact with the two concentric conjugate cam grooves. The 
cams are geometrically configured to not only be conjugate but also deliver synchronous 
rotation with each other. FIGURE 9 illustrates an overview of the drive cam device 401 , 
reaction disk 402 and driven cam device 403 with balls 408-409 in the slots 420 of the 
reaction disk. 

For a clockwise rotation of the drive cam 401, the following conjugate action occurs 
between the segmented cam tracks of the drive and driven cam tracks. The speed 
transmission is active between inner segmented cam track 415 of the drive cam and the inner 
segmented cycles 416 of the driven cam with balls 409 providing the translating means. 

Segment 415F of the drive cam displaces balls B13-B 17 radially outward at each ball 
location and causes them to interact with the cam track walls 416F of each segmented cycle 
of the driven cam and to rotate it counterclockwise, as viewed from the output shaft of the 
driven cam. Segment 415R of the drive cam displaces balls B18-B22 radially inwardly at 
each ball location and will cause them to interact with the cam track walls 416R of each 
segmented cycle of the driven cam and rotate it counterclockwise, as viewed from the output 
shaft of the driven cam. 

Segment 417F of the drive cam cannot displace balls B2-B6 radially and cannot 
interact with cam track walls 418F of each segmented cycle of the driven cam and cannot 
participate iri the speed transmission and are therefore benign: these balls are free wheeling 
fand synchronous) during this speed transmission. Segment 417R of the drive cam cannot 
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displace balls B7-B1 1 radially outward and cannot interact with cam track walls 41 8R of 
each segmented cycle of the driven cam and cannot participate in the speed transmission and 
are therefore benign. These balls also are free wheeling (and synchronous) during this speed 
transmission. 

5 

For a counterclockwise rotation of the drive cam the following conjugate action 
occurs between the segmented cam tracks of the drive and driven cam tracks. The speed 
transmission will occur between the segments 41 7 of the drive cam and 41 8 of the driven cam 
and the segments 415 of the drive cam and segmented cycles 416 of the driven cam are 

1 0 benign and synchronous, and do not participate in the speed transmission. Segment 4 1 7F of 
the drive cam displaces balls B2-B6 radially inwardly at each ball location and causes them 
to interact with cam track walls 41 8F of the segmented cycles of the driven cam and to rotate 
it clockwise, as viewed from the output axis of the driven cam. Segment 41 7R of the drive 
cam displaces balls B7-B1 1 radially outwardly at each ball location and causes them to 

15 interact with cam track walls 41 8R of the segmented cycles of the driven cam and to rotate it 
clockwise, as viewed from the output axis of the driven cam. Now segment 415F of the drive 
cam cannot displace balls B13-B17 radially outwardly to interact with cam track walls 416F 
of each segmented cycle of the driven cam and cannot participate in the speed transmission 
and are therefore benign. The balls are synchronously free-wheeling during this speed 

20 transmission. Now segment 4 1 5R of the drive cam cannot displace balls B 7-B 1 1 B 1 8-B22 
radially inwardly to interact with cam track walls 41 6R of each segmented cycle of the driven 
cam and cannot participate in the speed transmission and are therefore benign. The balls are 
synchronously free-wheeling during this speed transmission. 

25 Balls Bl and Bl 1 are at the transition points of their respective cam interactions and 

are at this instant not participating in the speed transmission. However, as described earlier 
in this specification, these balls, and all balls, as they in turn arrive at the transition points, 
become active for an incremental angular rotation of the drive cam and they then participate 
in accordance with the direction of rotation of the drive cam. 

30 

The conjugate action described above reflects only an instant of time and is 
continuous between the cams as they interact with the inwardly and outwardly radially 
displaced balls by the cams' rise and fall modes. Each ball at the appropriate time reaches 
the outer and inner transition point for each cycle of the drive cam. In the single lobe 
35 embodiment, this time was one revolution. Such cooperation allows each cycle of the driven 
cam to rotate the amount of the subtended angle (30° in this embodiment). The preferred 
tracks are so configured that the above conjugate action occurs in each track for the 
respective direction of rotation in synchronous interaction. 
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The magnitude of the axial force applied by the springs 406 can be predetermined in 
terms of the maximum torque to be transmitted through the conjugate zero backlash cam 
devices 401 and 403. The maximum transmitted torque is obtained by determining the 
separating force resulting from the contact between the balls 408 and 409 with the angular 
5 walls of the cam track grooves, 4 1 5 with 4 1 6 and 4 1 7 with 4 1 8, for the maximum torque and 
imposing an axial force with the springs that will be marginally higher. Once the magnitude 
is determined, it can be equally distributed among the adjusting screws 407 with a calibrated 
torque wrench, which in turn will assure a balanced axial force application to the preload 
plate 404. This equally distributed axial force guarantees intimate contact at all ball locations 
1 0 between the drive and driven cam tracks 415-418, eliminating essentially all clearances and 
providing the most intimate and continuous contact for all the drive elements during 
operation. This condition results in essentially zero backlash and complete insensitivity to 
groove enlargement or ball wear, thereby providing prolonged operational life at the highest 
level of performance. 

15 

Thus two concentric segmented sets of cam tracks which are conjugate with each 
other are provided to accommodate the axial pre-load condition in this embodiment. Each of 
these sets of cam tracks provides two-point contact, one point on the flank 415 or 417 of the 
drive cam groove and one point on the flank 416 or 418 of the driven cam groove, as opposed 
20 to four-point contact. 

Control of the preload and its adjustment can be performed external to the mechanism 
without opening the housing. The optimal precision and zero backlash, result in significantly 
prolonged life and ease of adjustment, for any preload within the capacity of the contact 
25 stresses. This qualifies this invention as a significant advancement in the field of power 

transmission, and will significantly improve performance of the presently disclosed and prior 
art speed converters using cams and reaction disks. 

The present invention has many applications wherever zero or low backlash is 
30 required. As well, it is a feature of the disclosed invention with multiple sets of tracks that 
while the input can be easily driven in any direction, the output is irreversible. This 
irreversible output provides an autobraking feature which is useful in many applications from 
robotics, to medical and other precision equipment, to hydraulic transmissions, to various 
combinations of gear assemblies, to hoists and elevator drives, and various other applications 
35 where a rotary drive input is employed for driving an output at a converted speed. 

The present invention provides a speed converter which is simplified in nature but is 
robust in transmission capability, and easily manufactured on appropriate shop equipment. 
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As well, the present invention provides a speed converter which is relatively easy to assemble 
and service and yet has optimized load sharing among the multi-elements that transmit 
the rotary motive force in the speed converter. 

5 A speed convener made in accordance with the teachings of the present invention will 

have a ratio of drive cam(s) to driven cam(s) of less than unity for reduction or more than 
unity for increasing. 

It will now be appreciated that method and apparatus are disclosed for reducing 
10 backlash in a speed converter using balls to interact between input and output cams. The 
preferred embodiment features two-point contact of the balls between the drive input and 
driven output cam tracks under axial preload. Various modifications of the specific 
embodiments set forth above are also within the spirit and scope of the invention. 

15 What is claimed is 
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Claims; 



1 . Apparatus for converting a rotary motion input to a rotary motion output, 
comprising 

5 driven track means for driving a rotary output, 

means for retaining, and 

drive track means for driving said driven track means via at least one 
interacting element guided by said retainer, 

a first of said track means making one-point contact with one said 
1 0 interacting element, and 

preloading means for axially preloading said track means and said 
contacted interacting element 

2. The apparatus of claim 1 wherein another of said track means makes 
1 5 one-point contact with said contacted interacting element. 

3. The apparatus of claim 2 wherein said track means provide two-point 
contact to said contacted interacting element. 

20 4. The apparatus of claim 1 wherein said interacting element is a ball and 
said retaining means is a slotted reaction disk. 

5. The apparatus of claim 1 wherein one said track means forms an angled 
flank for said one-point contact. 

25 

6. The apparatus of claim 1 wherein said driven track means is irreversible. 

7. The apparatus of claim 1 wherein one said track means includes a flank 
capable only of unidirectional interaction with the other said track means. 

30 

8. The apparatus of claim 1 further comprising a housing in which a first of 
said track means is slideably mounted over a shaft axis and the other said track 
means is relatively unslideable over said axis relative to said housing. 

35 9. The apparatus of claim 8 wherein said retainer is fixed to said housing. 

10. The apparatus of claim 8 further comprising compression spring means 
and an axially preloading external adjusting means which compresses said 
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spring means between an inner wall of said housing and a backface of one of 
said track means. 

1 1 . The apparatus of claim 10 wherein said backface is a backface of said 
5 drive means. 

12. The apparatus of claim 10 wherein said backface is a backface of said 
driven means. 

10 13. The apparatus of claim I wherein said track means comprise a drive cam 
track and driven cam track, respectively, each having an angled flank for one- 
point interaction with said contacted interacting element. 

14. The apparatus of claim 13 comprising a plurality of interacting elements 
1 5 which are balls and said retaining means is a slotted reaction disk, further 

comprising compression springs and adjusting screws which compress said 
springs between an inner wall of said housing and a backface of one of said 
track means, wherein said drive cam track transmits the force of said 
compression to said driven cam track through a group of said balls which are 
20 located in said slots of said reaction disk, respectively. 

15. The apparatus of claim 14 wherein said group of balls is a double row, 
and two said balls are assigned to a said slot and wherein at least one of said 
angled flanks comprises a plurality of flank segments. 

25 

1 6. The apparatus of claim 1 further comprising a plurality of interacting 
elements and wherein said track means comprise a conjugate pair of devices 
rotatable about a common axis, a first device of said pair being an input device 
for supply of angular velocity and rotary motive force and a second device of 

30 said pair being an output device, 

said means for retaining and said interacting elements comprising means 
for transmitting angular velocity and rotary motive force of said input device to 
angular velocity and rotary motive force of said output device as said interacting 
elements are put in motion by said input device, and 

35 said input device cooperating with said in-motion interacting elements 

and said output device for transmitting, through all said in-motion interacting 
elements, said angular velocity and rotary motive force of said input device to 
angular velocity and rotary motive force of said output device. 
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1 7. The apparatus of claim 16 wherein said transmitting through all said 
* in-motion interacting elements is done substantially equally and simultaneously 
through all said in-motion interacting elements. 

5 18. I he apparatus of claim 1 wherein said drive track means comprises a 
drive cam track which is expressed as a linear function. 

1 9. Method for converting a rotary motion input to a rotary motion output, 
comprising the steps of 

1 0 driving a rotary output with driven track means, 

driving said driven track means with a reversible drive track means via at 
least one interacting element guided by a retainer, 

making one-point contact with said interacting element, and 
axially preloading said track means and said interacting element. 

15 

20. The method of claim 19 wherein said track means collectively make less than four- 
point contact with said interacting element. 

20 
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Figure 1B 
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Figure 1C 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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